An evaluation of the lignin-ratio method as compared to the conventional method for determining the digestibility of a mixed ration for steers by Hickman, Howard Minor
AN EVALUATION OF THE LIGNIN-RATIO METHOD AS COMPARED 
TO THE CONVENTIONAL METHOD FOR DETERMINING THE DIGESTIBILITY 
OF A MIXED RATION FOR STEERS 
by 
HOWARD MINOR HIC 4AN 
A. B., Southwestern C0110E:430 1948 
A THESIS 
suhttt.d in partial fulfillment of the 
reqU1rements for the dejree 
MASTER OF SCIEN 
Department of Chemistry 
KANSAS STATE COLLEGE 
OF AGRICULTURAL AND APPLIED SCIENCE 
1949 
KANSAS STATE COLLEGE LIBRARIES 
TAB 
UTE CeDli C T I UN AID MA MAL 3. 
LITAaATURE ROI= . 6 r * it s s op to a 
PROCZYKR2 
Coro et the experimental animals and *b eolleettaft 
or simples . . ., 
Method et analysis 
HEW.", MB * 
D ISCUSB ION 
.SUXNAgl Y 
, AB ,'C' OWLIZOiliain 
L/TBRATURU CITZD a # 
,,, * . 11. *it *** 4* 
. . * * 
* * * * * * AIV * 0 0 * 
.I, 
. * It 0 * #.0*.. 25 24 25 
INTRODUCTION AND PURPOSE 
The accurate determination of the coefficients of digest- 
ibility of feedstuffs and the relative feeding values of the 
ingredients in a ration must be determined if the total digest- 
ible nutrients and the digestible protein of a feedstuff are to 
be known. It is through these data that the nutritionist, feeder, 
and formula feed manufacturer are able to determine how rations 
may be compounded for accurate economical. feeding. 
Several methods for ascertaining digestion coefficients 
have been devised which have met with varying degrees of success. 
In general, these coefficients have been determined by calcula- 
tion using the quantities and the chemical analysis of feed 
feces voided or by calculation from the ratio of 
amounts of specific nutrients in the feed and in the feces to 
the amount of a relatively, nensdlgestible reference material 
in the same feed and feces. This reference material may be endo- 
genous of or added to the feed. 
The method for the determination of coefficients of digest- 
ibility that is commonly referred to as the conventional method, 
requires a knowledge of the weights and the chemical analysis of 
the nutrients in the feeds and in the feces. Knowing these 
facts, the amount of a nutrient absorbed by the test animal can 
be determined by difference. From the amount of a nutrient ab- 
sorbed and the amount of the nutrient ingested, the coefficient 
of digestibility of the nutrient may be obtained. 
While determination of the coefficients of digestibility 
by the conventional method requires knowledge of the nutrients 
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apparently absorbed, the ratio techniques do not require this 
information, since they are based upon the use of s reIstively 
nendigestible material es e reference standard. The ratios of 
the per cent of each nutrient in the feed and in the feces 
the p ©r cent of the reference material In the same feed and feces 
are used to calculate di4eatibility. Knowledge of the exact 
quantities of feeds consumed and feces voided is not rogoirOd. 
Doriu4 the development of each of the several ratio tech - 
niques, tudies love been made comparing them to the convention.' 
method. In a review of the literature, reports (1, 2) were 
found in which the 11 nin ratio method am', the conventional 
method were compared on rations composed of row;hegare (hays and 
zreeses) but the only reports found on comparison of these to 
methods usik; a ration cur :cooed of two or more in6redlente were 
those of Swift, et al. ( ) and 41111, mstuns, and kaynard (4). 
nce it was believed additional information on the relative 
rite of Ube elaventional and-the 11Lnin-ratio methods for the 
determination of the coefficients of digestibility of mixed 
rationa was desirable., the preset study sari undertaken. 
LITERATURE Rum 
In order more thoroughly to understand the two general 
techniques for determining the digestibility of feeds (the con- 
ventional and the ratio methods), a brief resume of the procedures 
and their development will be given* 
The conventional method ter the de ion at digestion 
coefficients largely is the result of the ear y work of Henneberg 
and Ztohmann (s). During their investigations at the Weende ex- 
periment station, they devised a method over 80 years ago which, 
with few changes, is probably the most widely used of the several 
methods for these determinations. 
Since determination of digestion coefficients by the con- 
ventional method requires a knowledge of the composition of the 
feed and feces, as well as a knowledge of the weight of the feed 
and feces, a routine feedstuff analysis is made. The analysis 
consists of the determinations of dry matter, crude protein (ob- 
tained by multiplying nitrogen by 6.25) ether extract, crude 
fiber, and nitrogen free extract, the latter being determined 
by difference. Ash also sometime is determined. 
There are certain limitations of the procedure. One 
these is the extent to which the procedure is applicable. Since 
the amounts of feeds and feces must be known, the test animal 
must be in a stanchion or isolated in some other way so that 
accurate feeding and collecting of feces is possible. This elim- 
inates the use of the procedure for pasture studies. Another 
difficulty, from the economic standpoint, is that an attendant 
must be present constantly to collect the feces as eliminated, 
or a ecial devices mmat be ep1oyed for this purpoaes 
in order to overcome sone of the difficulties of the con- 
ventional method, attempts have been made to determine the coeff ic- 
ient s of digestibility of foodstuffs by the inclusion of eono 
substance, or by the use of sone traction of the feed, that Ls 
reletively insoluble sod nondi,estibles This nondigestible 
Substance has ben used as a reference materiel. The nutrient- 
reference ratios in the feeds end in tt feces sere used to 
determine the coeff 1,43ty of digestibility 
Apparently the firtt of the ratio methods to to used was 
that proposed by Z..mrim (6), eh* suggested the use of ferric 
oxide. Gallup (7), sating lbine rats, found that for cottonseed 
products the digestibility *se apparently less oomplets *ben 
calculated by the ferric oxide method. IS attributed the con- 
fusing data obtained in the analysis of tieel iron to interference 
by subetencee in 8reater quantities in tbo races than in the 
feed (a). 1:nott kurer, and Hodgson (9) reported that the Irene 
ratio method was not adaptable to rumen or total digestion studies 
in cattle. They found that the iron progressed through the rumen 
irregularly, being passed at 80=4 times and retained at others. 
When it become apparent that the iron-ratio method wea un- 
tat &factory, at least for ruminant studies, some investigators 
tried adding other compounds, clog., silica and chromic oxide to 
the ration. Skulmouski :Layman-ea end Wyszynski (10) included 
silica in the beds of sheep end horses and chromic oxide in the 
diet of horses snd found that these referent() substances yielded 
results comparable to those octained by the conventional method. 
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Gallup, Hobbs, and Briggs (11) demonstrated that allies in the 
feeds was recovered practically quantitatively in the feces when 
steers were in stanchions. This indicates that the method was 
satisfactory; however, when the steers were in a dry lot and the 
feces collected in canvas bags the silica excreted exceeded that 
ingested. They reported fecal silica was about 36 per cent higher 
than the calculated intake, presumably due to quantities of dirt 
eaten with the ration. 
In earlier studies, Gallup and Kuhlman (1 investigated 
the digestibility of mung bean silage by the silica-ratio 
technique and found it to be unsatisfactory. They reported that 
the essential requirements for a digestIon study, i.e., uniform 
distribution of the silica through the intestinal tract without 
stratification and the elimination of the silica in uniform 
quantities, were not met. In an animal metabolism study, Forbes 
et al. (13) observed that most of the silica ingested by milk 
cows was recovered in the feces and Out additional amounts were 
recovered in the urine. The totoklremmery was over 65 per cent, 
which represents a loss of surtislyat magnitude to make digest- 
ibility studies using; this method impractical. 
It was suggested that since the silica- and iron-ratio tech- 
niques often gave results for the coefficients of digestibility 
that differed significantly from those obtained by the conventional 
method, a lignin ratio method might be used. Rogozinski and Star-. 
zewska (14) found that lignin, prepared according to Beckmanl, 
1Lignin was prepared by mixing 500 gm chopped oats with 
4 1. of 1.8 per cent sodium hydroxide and allowing to stand 72 
hours at room temperature.. The brown extract was decanted 
and neutralized with hydrochloric acid, heated to boiling 
and placed in an autoclave for tiro hours. The solution was 
evaporated and dessicated at 100'0. 
when fed to sheep was eliminated almost quantitatively, indicating 
its indigestibility. Hale, Duncan, and Huffman (15), in their 
investigations on rumen digestion in cattle, found that lignin 
passed through the rumen virtually unchanged. Ellis, Matron., 
and Maynard (4) made extensive studies on the degree of diseeti 
bility of lignin and reported that in cows, sheep, and rabbits, 
lignin of the teed was recovered practically quantitatively in the 
feces. It was demonstrated that there was only a small daily 
variance in the lignin content of the feces from sheep on a diet 
of timothy hay. The standard error of the values durin6 a nine 
day collection period from each of three sheep studied was 
24.5 # 0.13, 23.1 a 0408 and awl * 0.18, respectively. 
Adolph et e1,114 in their report on the digestibility of 
morning and evening wettings of airfare, stated there was a high 
variability in the digestion of lignin by rabbits fed the alfalfa. 
The mean values obtained on the digestion of lignin by two groups 
of rabbits was 5.8 and 3.4 per cents Swift et al. (3), in their 
study of the effects of different ingredients in the ration, 
found that the digestion of lignin by sheep on various supplements 
did not exceed -3 per cent in twelve of the seventeen cases and 
the extremes were 
-6.2 and -5.2 per cent. They also found that 
the concentrations of various nutrients of the ration apparently 
had no effect On the digestion- of lignin. Furthermore, there was 
a close relationship bet eon the coefficients of digestibility 
of pasture grasses by steers when calculated by the conventional 
and by the lignin-ratio techniques. These authors found the 
average roe ova 
20107 per cent, of d 
tglatible protein and total dizsatible amtriests 
by the conventional and the lignin-rette methedite 
the determinations by the two method. lee. 1* *tithe 
to show the practicability of the 1141;ninretie method for the de- 
termination or coeffleients of digestibility of the ration they 
inveatioated* 
There are numerous factors influencin6 the Weront re- 
try in the feces of lignin in the feed, Um teeters tend 
to introduce possible errors. It has been suggested 44 that 
possibly not ell the lianin is isolated by the 11111mm. sent sul- 
phuric acid method, Norman and Jenkins (16) rwaimmended the 
removal of pentoaans by dilute acid hydrolysis previous to the 
strong acid treatment in order to prevent the remotion at in- 
soluble residues. Theae reoldmmoiromidyield higher results 
for li6ninw Maroon and Jenkins (17), in furtherinz their investi 
ations, round thet protein alone cave no precipitation on 
atandin6 with taper tent sulphuric acid but that when added to 
plant materiels it increased the apparent lignin content. The 
magnitude or the disturbance WWI quite different whoa the meter 
ial was subjected to a hydrolytic pretreatment. 
Lherrard and !Jerrie (10 and Ritter 
hest shown that time and temperature 
phuric acid treatment effects the lignin Meld, aseDengsll and 
DeLong (20) made the important observatien that he method and 
temperature used to dry the sample were important 1st determiltiOS 
the lienin recovery 
ed steers 
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Despite these difficulties, Ellis, Natrona, and Maynard (4) 
have devised a method for doteriing liznin which cave satis- 
factory results in their studies of digestibility of feeds. 
Other studies (2, 3, 21) have confirmed the value of this pro- 
cedure in the determination of digestion coefficients by 
ruminants. 
Care of the Ever 1 Animals and 
Samples 
c n 
T. , each composed of four iltrferd feeder steer*, 
ions and fed a daily ration *OM ustin g of 419 
gm cottonseed meal, 5221 gm mile maize, 45 gm salt, end 23 gm 
limestone (dry weight). In addition to these ingredients, each 
steer received varying *mounts of Atlas uoorgo silage. The quanti- 
ties of silage fed were determined during the first five days of 
the 1O -day preliminary period and were adjusted to the amount 
each steer would consume. 
seize was fed to ',Iroup I as to Group II 
We coarsely ground form, and to Group Z is a fineiy ground 
form. During the last, five days of the preliminary period, the 
steers received the same quantity of each ingredient of the 
ration that they were to receive during the 10-day collection 
period. There were no weigh-backs of feed. 
The feeee were caught on shovels and put in large eine. 
tenklant was present at ali times to make the collections* 
The floor was kept clean to prevent contaminstien of the amyl.* 
U the traces were not naught as. voided. Aliquots. of 1/S0 the 
,ei ant of the tease from each steer were taken daily, placed in 
a pan marked with the steerls number and dried in a forced draft 
oven at a, temperature between 65° end 65 C. Bach day's aliquot 
was added to the pa z containing the previously collected portions. 
500 m sample of silage fed were collected ly end kept 
'in a refrigerator at 30 C, until the feedi is l was finished 
If 
The maize was sacked during the preliminary period, each beg 
containing enough maize for one daily feeding. ::as ples for 
analysis were taken at random es the sacks were filled. The 
samples of cottonseed meal for analysis we taken daily 
stems' rations were being weighed. 
When the collection period wee finished, the feces and tne 
silage were dried to constant weight in s forced draft oven at 
1000 C. (This is not the temperature recommended by Ellie 
Matrone arm eynard (4) ). The feeds cnd feces then were r 
in a Yaley mill to one mm fineness. Samples of all the feedsthffs 
and feces were sent to the analytical laboratory far a routine 
feedstuff analy 
2ethod of Analysis 
The analysis for lignin was essentially acccrdin to the 
prt cedure of Metrone, and. Werard (4). A one gm sample 
of the ma oriel to be analysed was placed in en alumdum extraction 
thimble and extracted with an alcohol-benzene mixture (32 parts 
95 par cent ethanol to SE parts by weljat of benzene) for four 
T ours. case sample, still in' the extraction thimble, was washed 
with two well portions of 95 per cent et nol, followed by two 
smell portions of ether. Suction was used to aid washing. The 
siMble containinz the extracted sample was placed in a 450 Ow 
sparking oven until all the ether was driven off. The sample 
razIsferred tai a '.5C} ra eide outh Lrlanneyer flask' Forty ml 
1The wide mouth 'erlenneyer flasks used in the analysis were 
extraction flea a used for extracting bituminous mastics, 
,route, and like mixtures.. 
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of 1 per cent pepsin, USP in 0.1 N hydrochleri* *cid was added 
to the sample and the mixture incubated overnight at 40°C. 
The next morning the mixture was filtered using a filter 
stick on which a layer of Super-Cel had been deposited by appli- 
cation of suction. The residue in the flask was washed with 
0*30 ml hot distilled water and filtered again. The washing 
and filtering procedures were repeated once. The filter stick was 
not removed and 150 ml of 5 per cent sulphuric acid (by weight) 
was added. The sample was boiled one hour, during width time 
sufficient hot, distilled water was added to maintain constant 
volume. The liquid was filtered through the filter stick using 
vacuum. The residue was washed, first with hot distilled water, 
then twice with 15 ml portions of 95 per cent ethanol, and finally 
twice with 15 ml portions of ether. After the final ether washing 
and filtration, the vacuum was left on a few minutes to remove 
as much ether as possible. The sample was placed in the 45°C. 
oven to complete drying. Twenty ml of 72 per at sulphuric acid 
(by weight) was added to the residue, stirring with the filter 
stick to obtain a homogenous mixture* The mixture was placed 
in a 20 C. thermostatically controlled ulster bath for two hours 
and was occasionally stirred* O hundred Itsentystive ml dis- 
tilled water was added and. the acid **lotion was removed by 
filtration. The residue was washed ono* with 15 -20 ml of hot 
distilled water and altered. One hundred fifty ml of 3 per cent 
sulphuric acid (by weight) was added lend the solution was boiled 
for two hours, the volume being kept constant with hot distilled 
water. The solution was removed from the residue by filtration 
on a 0 *eh crucible, The re idue was 
lignin was determined bj loss on ignition øt 800 Co 
It was ditficult to wet thoroughly sone at the sapplos 
especially maize, with the pepsin solution* This Indicated 
the possibility that the lignin recovered might contain extran- 
eous undigested nitrogenous material* In order .to determine 
whether this were true, a sample was autoclaved with 0.1 N hydro- 
chloric acid for 10 minutes at 10 pounds pressure to facilitate 
wetting* The autoclaved sample las cooled to room temperature, 
the pepsin added end the sample incubated overnight* The pro- 
cedure for the remainder of the analysis was as described in the 
foregoing section* Better wetting at the *maple with the pepsin 
was obtained, but the final results wars no different than the*, 
obtained by the original method* This indisetes that the pepsin 
hydrolyzed the protein even though the wetting at the sa=ple by 
the enzyac solution appeared to he incomplete, 
Whoa it was found that autoclaving caused no apparent harm 
to the sample, it was decided to try to eliminate the ansp-tio 
hydrolysis by using acid hydrolysis* It was believed that this 
might prove eatisfactory since many connerciel protein hydrolysetea 
are prepered by acid treatment, The sample was treated es dee. 
cribed for a routine lignin analysis, except autoclaving for 
45 minutes .at 10 pounds pressure with b per cent sulphuric acid 
(by weiGht) was substituted for the pepain hydrolysis. Tha zet1-.od 
was unsatisfactory. Further attempts were r4sde using the same 
reagent sad pressure but increasing the eutoclavind ti nc to en 
hour. These results also ears unsatisfactory, as shown in Table 1. 
Table 1. Per ignin found la aam 
La procedure. 
s modleicat;it2ns 
Method used to de e Ii nin cant lig nin fou d 
ndard metl:od wan:, 
pepsin hydrolysis 
eutoolevIk; et 10 pounds 
pressure fa 4,5 minutes 
Autoclavlsu t 10 pounds 
Dreasuro fo 60 minutes 
7.41 
10.4 
749 
1Z.Z 
10.5 
C.03 
ibi 
The equation t**440 
y by the convention* 
y s 100 xis 
y coefficient 
X. weija trie 
t 114bt nutrient 
where 
a 
atibility 
in reed 0. weight nutrie 
in reed. 
impatIon sr ths ealselition of tbm toff 
in feces 
digostl ty by tber lignitowatio method tollows (Ellis, Mortrano 
and lisyhigr 4, . {. #'). ): 
-r * 100 100 . x n feces 
z 
y
Two- 
f ieiwrpt of digestibility 
at me per cent in flood 
x) cent '13 sin rocis 
n = per cent nutrient in the feed and feces. 
A sample calculation fa the coefficients of di;estibility 
by h the 114nin«wittle method and the convent enal method is 
shown. (It wee necessery to convert all weights to a dry matter 
basis sines the lignin was not determined at the time tht, the 
feedstuff analysis eras mode.) The calculation is shown for 
where 
bility of crude protein by steer 
Crude protein intek 70444 
Dry matter intake 63444, 
Per cent protein intake 12.s is 
Per cent 1inin intake 4.02 
Crude protein voided mee 
Dry matter voided 3294. 
Per cent crude protein voided 1340 
Per cent lignin voided 7.80 
Usinz the equation for the conventional method: 
(786.3 460.8) /786,8 
41*44 per mate 
the lignin..ratie thedt 
y * 100 ... 100 
140 ( 
41074 per eon 
.00) (13.99/12.38) 
41111. 
.aLLT.:: 
feedatuff enalyois wa wade in both feeds and fee 
ite results sro shown in Tables 2 and apectively. 
fable 2. Analysis uf the feeds used in the ration. 
Foodstuff : Crude : ther : Crudes : I Uotat 
: protein ; extroOt : rib :freo extract a 
Cettonseed 
meal 
Lilo maize, 
whole drain 
Lilo maize,. 
coarsely 
Ground 
)410 maize, 
finely 
eround 
Silszo 
Per 0014t 
41,66 0010 9.86 29 7.67 
11.nz, 1.46 70.93 11.21 
1.54 77,37 10,71 
11,Z, 
7.00 2.54 
1.59 
24,70 
70* 
56.09 
10.71 
2.15 
Table 3. Ane1y&L s of feces from each steer. 
5teor 
number 
: Ether a Crude t 
in : extract : Libor t frei xtract 
Per cent 
88 13099 3.17 10 . 39 65.91 
53 14.79 5.06 9426 65.94 
47 16.11 3.20 8,50 67.29 
64 14.55 3.24 7.34 68.66 
15 14.5.3 2.56 14.71 60:37 
16 14.82 227 11.86 64.06 
58 1544 2;54 11434 63.00 
71 14.69 2057 12;13 64;01 
3 14.87 2.35 15.78 61.77 
68 3.5.10 2.36 12.92 61.54 
22 16.09 2.55 L3.22 60,39 
170 15,06 2.40 13.82 60.83 
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The lignin content of the feeds and feces are presented in 
Table 4, 
Table 4. Lignin content of feeds and feces. 
4,11.1.111.11.10 
Per cent lignin* 
Feed 
Cottonseed meal 9.1 
Lilo maize, whole grain** 1.09 
SilaLe 6.68 
Steer number 
88 7.80 
53 6.06 
47 7.18 
84 6.53 
15 9.03 
16 8.30 
58 7.68 
71 8.65 
3 9.66 
68 9.66 
22 9.67 
170 9.19 
a cu ate t a 
*-The lignin content of all maize samples was assumed to be the 
same as that of the whole grain. 
The coefficients of digestibility of the nutrients calcu- 
lated by the lignin-ratio method and the conventional method are 
shown in Table 5. The mean values and the standard errors for 
the coefficients of digestibility of the rations by each of the 
groups also are shown. The standard errors indicate that the 
lignin-ratio method gives results Which are less widely distributed 
than does the conventional method for calculatingIbsi di8estibil- 
ity of tha rations investigated. Calculations of digestibility 
of the nutrients of the rations by the individual steers using the 
two methods, however, agreed within 5 per cent. 
Table 5 Coefficlants of digestibility of nutrients 
total ration calculated by the li in-rat 
and by the conventional methods 
Misr extract I Bitroen-free 
eAtract 
48. 55.4 88 conventional 48,2 41.4 52.0 45.5 88 lignin-ratio 48.5 41.8 
60.6 46.4 53 conventional 48.7 44.8 58.2 50.3 53 1/gain. -ratio 52,4 48.4 
x.8 57.1 47 conventional 53,6 48,1 6 50.2 47 1/gain...ratio 52.7 47.1 
43.7 55.1 84 
84 
conventional 41.6 
46,9 
36,6 
42.2 50.4 1 
50.1 2.57 life 
Mean 
up 
conventional 
lignin-ratio 
48.0 .4: 2.46 
50,1 t 1.45 
42,7 = 2,46 
44,9 t 1.69 
54.2 1.72 ± 
61.5 48.5 15 conventional 52.2 43.8 83.1. 47.4 15 lignin-ratio 52.8 42,5 
.2 49.7 16 conventional 52.6 48.0 70.1 80,3 16 ltgn1n. ratio 55.2 48.6 
58 conventional 56,1 51.7 .0 67.8 
50:1 
47.0 58 lignin -ratio 56.0 49.2 
61.0 53.0 71 conventional 48.4 43.8 65.6 55.5 71 lignin-ratio 53.0 43.8 
64.7 t 1.99 50.4± 3,06 Mean conventional 52,3 1.59 46.8 1.91 66.1 t 1.69 49 7± 1,44 Mean lignin 
-ratio 54.2 0,79 46.0 1,67 
Group III 
70.1 50.0 3 conventional 56.5 50.7 71,8 a1, 7 
3 lignin-ratio 59,7 52.5 
75.2 56.3 68 conventional 60.8 55.5 72.0 53.4 68 lignin ratio 59.8 52.5 
75.7 54.6 22 conventional 65.8 60.7 73.6 50.2 22 lignin-ratio 64.1 56,6 
70.9 47.8 170 conventional. 57.7 52.8 71.43 47.7 170 lignin-ratio 59.5 52.8 
Lean 
Mean 
conventional 
lignin-ratio 
60.2 t 2.06 
60.a * 1.11 
54,9 'b. 2.16 
53.7 * 1 07 
72,5 * 1.26 
72.2 * 01.49 
52.4 
50.7 ± 1. 
4 .7 
41.4 
40,5 
48.9 t 2.78 
507.4 ±1.a1 
57.7 
54.6 
54.9 
57.4 
61,4 
59.3 
54.2 
54.6 
57,5 1.48 
57,0 :1:0.98 
65.4 
63,2 
71.0 
68,3 
63.4 
63.5 
65,3 12,06 
6404 t1,20 
In order to 4sternine whether the lignin ingested wee beinG 
voided completely, th 1tntu recovery was calculated (reble 5) 
There is sore variance in the individuel recoverios, but the 
=SAS ot the roups can be included in 101 per cent recover/ 
with the moon er ell Groups 100.5 per cent recovery. 
Table 6. Per cent of 11Gnin in fee consumed which was re- 
covered in the feces, 
0.61' ral.Ar F'er cent recovery 
8U 100.6 
53 1070 
47 98,1 
C4 110.0 
Lean 104.1 
lb 08.1 
15 101.8 
58 05.9 
71 101.5 
Moen 99.Z 
104.2 
as 95.9 
22 91.7 
170 100.5 
neon 98.1 
an. of all croups 340.5 
To dot nine 'whether there mere Cniftcerit differences in, 
the results obtained by the two methods of eelcuisting coeffic- 
ients of dieatibility, the t-test (-,tbod of individual comosrisons 
(2k) ) was applied. The results a the statistical analysis aru 
shown in Table 7* 
J1 
Table 7. Results on test of sijlificance of differences 
(t) in determination of coefficients of diest.. 
Ion by conventional and liznin-rstic methods. 
Group Dry matter t Crude : tho' : Crude : Nitrozen- 
: pretelit t extract : fiber : free extract 
I 1.64 2.22 30.34* 2.40 2,75 
1.82 1.62 3.27. 2,56 2.66 III 3.92* 2.62 4.05* 2.50 3.10 
it.7;n1ficant at a per cert 
The ktest showed that for 11 of Lhe 1 determinations 
of coefficients of diestibility of various nutrients by the 
two methods, there we no al4nificant difference in the re.. 
ult. The results inicate, however, theta difference existed, 
which w si.nUioart, in one detorvaination of di,;estibility of 
dry tatttori and thst there was s sioalficant difference in di.... 
estlbility of the ether extract. 
KANSAS STATE COLLEGE LORRIES 
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DISCUSSION 
The earlier ratio techniques had disedvantages which pre- 
vented their use for determination of coefficients of digestibility. 
These usually were due to metabolization of the substance used 
for the reference or to unequal distribution of the reference 
substance in the feed and feces. The lignin-ratio method appears 
to be more satisfactory, probably because lignin is an integral 
part of the feed, although it is not digested. 
MacDougall and DeLong (20), investigating the effects of 
the method used to dry the sample before analysis, observed that 
samples dried in an oven at 105°C resulted in higher yields of 
lignin than those dried at lower temperature. The nitrogen and 
methoxyl content of the lignin was greater than for air dried 
samples, indicating the inclusion of nitrogenous and carbohydrate 
materials. The samples were dried a few months before the pre- 
sent investigation was undertaken and were used for the conventional 
determination. Thus, it was not possible to follow the recommended 
procedure. The amounts of extraneous nitrogenous and carbohydrate 
materials in the lignin recovered in the samples Investigated 
was unknown. 
Matrone, and ;;.iaynard (4) have reported a significant 
difference was found in the two instances in which lignin 
covery was high or low (106 per cent and 94 per cent). The 
average lignin recovery of the groups in the present investi- 
gation were 104.1, 99.3, and 98.1 per cent. It seems, then, 
that at least for the rations used in the present study, there 
is no definite relationship existing between lignin recovery 
and the sisnificante of the observed differences. 
It has been reported (4) that the daily variation in the 
114-Jain content of feces from sheep fed a ration of timothy hay 
and concentrate was remarkably small. The averages and standard 
errors for three individual sheep studied for nine days were 
24.6 0.13 23.1 0.08, and 23.1 i 0.18 per cent, respectively. 
No attempt was made to take aliquots of the daily samples, but 
rather the approximate first 75 taken from the collection 
bag was used for analysis*. Similar studies for cattle apparently 
have not been made. If future studies reveal equally low vari- 
ability in the daily lignin content of the feces from cattle, 
a reduction of cost in the determination of coefficients of 
digestibility of feeds by cattle is possible. 
If a relatively small variability In the daily lisnin 
content of random samples of the feces voided by cattle exists, 
the lignin-ratio technique would be valuable in pasture studies. 
If in a pasture, only one type of feedatuff were present, random 
samples of the feed and of the feces might be sufficient for 
digestibility studies. 
A disadventace to the liijiin-ratio technique is that two 
analyses, a feedstuff analysis and a lisnin analysis, must be 
made on both feeds and feces. The lisnin analysis is time con- 
swains and relatively em:irical. A faster more accurate method 
for the determination of lignin would undoubtedly offer impetus 
to the use of the lignin-ratio technique for digestion studios. 
However, lignin-ratio technique applied to studies of digestibil- 
ity of pasture grasses, were the conventional method can not 
be 
the extra analyse 
tents fed must be known in t 
r to determine 
stio method is 
stion of sat 
of the different 
studies, 
Sr, MAAR' 
A study baa been made compering the ligntweretto me had an 
the conventional method for 1eteritnin th e apparent coefficients 
of dLestibility of a ration composed ot flo maize, sila_e and 
cottonseed meal 
Analysis for licnin vas mode us mg easential 
hilts, Ns/trope, end bey/lard (4). 
Stotiatteal analysis hes shown that the results by the ltsninas 
ratio method are comparable 'to those obtained by the conventional 
method. The only significant differences (P * 0,05) found when 
the t-tost was applied were for dizestitatlity of dry matter or 
ration fed roup three, and ether extract. in rations fed all 
groups. 
Durtr the analysis it waa observed that EOM of the samples 
were not completely wetted by pepsin solution. Controlled 
studies In which the sample vws autoclaved prior to the addition 
of pepsin to achieve better wettinz indicated that, even though 
incomplete wettilv apparently occurred, the enzymatic hydrolysis 
was not Increased by the modified stp4ao preperaticn. 
:Audios were Nede to determine whether autoclaving in the 
presence of the per cent sulphuric acid (by weight) would 
hydrolyze the protein in the senple- Coatrolled studio* showed, 
however, that the lignin yield in the sample treated with ecid 
rather than pepsin was too high. 
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